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$H$ Hilbert , $g$ $H$ $(-\infty, \infty]$ proper .,
$g(z)= \min\{g(x) : x\in H\}$ (1)
& 6 $z\in H\text{ }$ , $\prime \mathrm{J}\backslash (\mathrm{b}$ .
$g$, $H$ $\partial g$ , $x\in H$
g(x) $=\{x^{*}\in H : g(y)\geqq g(x).+(x^{*}, y-x), y\in H\}$
$-C^{\backslash \backslash }\hat{j\Xi}\text{ }1_{\vee}$ , $g$ . $H$ $A\subset H\cross H$ , $(x_{1}, y_{1}),$ $(x_{2}, y_{2})\in A$
$(x_{1}-x_{2}, y_{1}-y_{2})\geqq 0$ (2)
$\text{ }(^{\grave{\backslash }}ff$ , \mbox{\boldmath $\theta$}‘ $\lambda>0$ , $R(I+\lambda A)=H$ , $A$ m-
$\mathrm{B}^{\backslash }\cdot\supset(2)*)\text{ }.\text{ }’\backslash ffi’\gamma.\backslash -\mathrm{t}\mathrm{f}\mathrm{f}\mathrm{i}\text{ _{}\mathrm{t}\supset}^{\mathrm{A}}\mathrm{f}_{\mathrm{L}}^{g}\dagger T\mathrm{f}\mathrm{f}\mathrm{l}\text{ _{}\backslash }B\subset H\cross\cdot Hl_{}\text{ }\backslash \llcorner \text{ }\gamma_{arrow}\gamma_{\mathrm{c}}^{\backslash }\backslash \llcorner,R(I+\lambda A)|\mathrm{h}I+\lambda A\text{ }\ovalbox{\tt\small REJECT}-\mathrm{t}.\text{ }\gamma.$
” $A\subset H\cross H$ (2) $\text{ }$ $\llcorner$ ,
$A\subset B\Rightarrow A=B$
$-C^{\backslash \backslash }$
$\text{ }[] \mathrm{f}^{\backslash },$ $A$ $\text{ }$ . Proper
$g$ : $Harrow$
$(-\infty, \infty]$ $\partial g$ m- \lambda \mbox{\boldmath $\tau$}* . $A\text{ }m- \mathrm{f}\xi \text{ }$
, $\lambda>0$ , $A$ resolvent
$J_{\lambda}=(I+\lambda A)^{-1}$
, $J_{\lambda}$ $H$ $H$ . , $x,$ $y\in H$
$||J_{\lambda}x-J_{\lambda}y||\leqq||x-y||$
. , $\partial g$ $J_{\lambda}=(I+\lambda\partial g)^{-1}$




. (1) , Martinet [23]
proximal point algorithm . 7) , resolvent $J_{\lambda}$
.
J\lambda x=arg n $\{f(z)+\frac{1}{2\lambda}||z-x||^{2}$ : $z\in H\}$
(Moreau[25] ).
Proximal point algorithm , $\{\lambda_{n}\}\subset(0, \infty)$ , $x_{1}\in H$
$x_{n+1}=J_{\lambda_{n}}x_{n}$ $(n=1,2, \ldots)$
$\{x_{n}\}$ , (1) (Rockafellar[30]
).
, , 2 . 1 Halpern [12]
, Hilbert $H$ $T$
$x_{1}=x\in H,$ $x_{n+1}=\alpha_{n}x+(1-\alpha_{n})Tx_{n}$ $(n=1,2, \ldots)$
$\{x_{n}\}$ $T$ . 1 Mann[22]
$x_{1}=x\in H,$ $x_{n+1}=\alpha_{n}x_{n}+(1-\alpha)Tx_{n}$ $(n=1,2, \ldots)$
$\{x_{n}\}$ $T$ . , $\{\alpha_{n}\}\subset[0,1]$ .
, Hilbert m-
, resolvent proximal point algorithm
. ,
Rockafellar [30] . ,
minimizer . Hilbert ,
$m$- . , Banach
. , 4 Banach m-
. resolvent ,
$m$- resolvent . 5
resolvent .
resolvent .
4 . 4 . 5
.
2
$E$ Banach , $E^{*}$ . $x\in E$ $x^{*}\in E^{*}$ $x^{*}(x)$
$(x, x^{*})$ . $E$ $\{x_{n}\}$ $x$ $x_{n}arrow x$ ,
$x_{n}arrow x$ .
$E$ modulus $\delta$ , $0\leqq\epsilon\leqq 2$ $\epsilon$
$\delta(\epsilon)=\inf\{1-\frac{||x+y||}{2}$ : $||x||\leqq 1,$ $||y||\leqq 1,$ $||x-y||=^{\epsilon}\}>$
. Banach $E$ , $\epsilon>0$ , $\delta(\epsilon)>0$
. $E$ $x$ , $E$ $E^{*}$ $J$
$J(x)=\{x^{*}\in E^{*} : (x, x^{*})=||x||^{2}=||x^{*}||^{2}\}$
39
, $J$ $E$ duality .
$U\ovalbox{\tt\small REJECT}\{x\mathrm{C}E\ovalbox{\tt\small REJECT}\models||\ovalbox{\tt\small REJECT} 1\}$ . , $x,$ $y\mathrm{C}U$ ,
$\ovalbox{\tt\small REJECT}\frac{||x+ty||-||x||}{t}$ (3)
. $E$ G\^ateaux , $x,$ $y\in U$ , (3)
. $E$ G\^ateaux , $y\in U$
, (3) $x\in U$ . $E$ b\’echet
, $x\in U$ , (3) $y\in U$ .
$E$ G\^ateaux , $E$ duality .




$E$ Banach , $A\subset E\cross E$ . $A$ (accretive operator)
[ , $(x_{1}, y_{1}),$ $(x_{2}, y_{2})\in A$ , $(y_{1}-y_{2},j)\geqq 0$ $j\in J(x_{1}-x_{2})$
. , $J$ $E$ duality . $A\subset E\cross E$ .
, $\lambda>0$ $A$ resolvent $J_{\lambda}$ $A_{\lambda}$
.
$J_{\lambda}=(I+\lambda A)^{-1}$ , $A_{\lambda}= \frac{1}{\lambda}(I-J_{\lambda})$ .
, $\lambda>0$ $\overline{D(A)}\subset R(I+\lambda A)$ , $A$ (range
condition) . , $A^{-1}0=\{x\in D(A) : \mathrm{O}\in Ax\}$ $A$ $\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{o}1\mathrm{v}\mathrm{e}\mathrm{n}\mathrm{t}J_{r}$
$F(J_{r})$ $F(J_{r})=A^{-1}0$ . $A\subset E\cross E$ ,
$\lambda>0$ $E=R(I+\lambda A)$ $m$- . m-
$A$ . , [45] 4
.
21($rarrow\infty$ $J_{r}x$ ) $E$ G\^ateaux –
Banach , $A\subset E\cross E$ . $C$ $E$
$\overline{D(A)}\subset C\subset\cap R(I+rA)r>0$
. , $\mathrm{O}\in R(A)$ , $x\in C$
$\lim_{tarrow\infty}J_{t}x$
, $A^{-1}0$ .
$A\subset E\cross E^{*}$ . $A$ (monotone) , $(x_{1}, y_{1}),$ $(x_{2}, y_{2})\in A$
$(x_{1}-x_{2}, y_{1}-y_{2})\geqq 0$
. $A\subset E\cross E^{*}$ (maximal) , $A$
$B\subset E\cross E^{*}$ . , $B\subset E\cross E^{*}$
, $A\subset B$ $A=B$ .
$\mathrm{r}.\wedge$ ’
40
22 $E$ Banach , $J\ovalbox{\tt\small REJECT} Earrow E$” duality . $A$




, - [15] $m$- proximal point algorithm
, .
3.1([15]) $H$ Hilbert , $A\subset H\cross H$ $m$- . $x\in H$
, $\{x_{n}\}$ $x_{1}=x$
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})J_{r_{n}}x_{n}$ $(n=1,2, \ldots)$
. , $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{narrow\infty}\alpha_{n}=0$ , $\sum_{n=1}^{\infty}\alpha_{n}=\infty$ , $\lim_{narrow\infty}r_{n}=\infty$
. $A^{-1}0\neq\phi$ $\{x_{n}\}$ $Px\in A^{-1}0$ . ;. $\cdot P$
$H$ $A^{-1}0$ .
3.1 Rockafellar [30] .
32([15]) $H$ Hilbert , $f$ : $Harrow(-\infty, \infty]$ proper
. $x\in H$ , $\{x_{n}\}$ $x_{1}=xk^{\mathrm{Y}}$
}
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})J_{r_{n}}x_{n}$ . $(n=1,2, \ldots)$ ,
$J_{r_{n}}x_{n}= \mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{i}\mathrm{n}\{f(z)+\frac{1}{2r_{n}}||z-x_{n}||^{2}$ : $z\in H\}$
. $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{narrow\infty}\alpha_{n}=0$ , $\sum_{n=1}^{\infty}\alpha_{n}=\infty$ , $\lim_{narrow\infty}r_{n}=\infty$
. $(\partial f)^{-1}0\neq\phi$ $\{x_{n}\}$ $x$ $f$ minimizer
.
$f(x_{n+1})-f(v) \leqq\alpha_{n}(f(x)-f(v))+\frac{1-\alpha_{n}}{r_{n}}$ llJr xn-vllllJrnxn-xn $ll$
.
Mann proximal point algorithm .
41
33([15]) $H$ Hilbert , $A\subset H\cross H$ $m$- . $\{\alpha_{n}\}\subset$
$[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{--}\sup_{-}\alpha_{n}<1$ , $\lim_{narrow}\inf_{\infty}r_{n}>0$
$narrow\infty$
. , $x_{1}=x\in H$ $\{x_{n}\}$
xn+l=\mbox{\boldmath $\alpha$}nxn+(l-\mbox{\boldmath $\alpha$}\tilde J xn $(n=1,2, \ldots)$
. $A^{-1}0\neq\emptyset$ $\{x_{n}\}$ $A^{-1}0$ .
, Mann proximal point algorithm .
34([15]) $H$ Hilbert $\llcorner$ , $f$ : $Harrow(-\infty, \infty]$ proper
. , $x\in H$ , $\{x_{n}\}$ $x_{1}=x$
$x_{n+1}=\alpha_{n}x_{n}+(1$ -\mbox{\boldmath $\alpha$}\tilde J xn $(n=1,2, \ldots)$ ,
xn $= \mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{i}\mathrm{n}\{f(z)+\frac{1}{2r_{n}}||z-x_{n}||^{2}$ : $z\in H\}$
. , $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\alpha_{n}\in[0, k](0<k<1)$ , $\lim_{narrow\infty}r_{n}=\infty$




Hilbert , $A\subset H\cross H$ m-
, Banach . , $A\subset E\mathrm{x}E$ m-
3.1 33 Banach .
41([14]) $E$ G\^ateaux Banach , $A\subset$








. $A^{-1}0\neq\phi$ , D $A^{-1}0$ $u$ .
$Px\ovalbox{\tt\small REJECT} u$ , $P$ $C$ $A^{-1}0$ sunny nonexpansive retraction .
4.1 , m- .
42 $E$ G\^ateaux Banach , $A\subset E\cross E$
$m$- . , $x_{1}=x\in C$
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})J_{r_{n}}x_{n}$ $(n=1,2, \ldots)$
. , $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{narrow\infty}\alpha_{n}=0,$
$\sum_{n=1}^{\infty}\alpha_{n}=\infty,\lim_{narrow\infty}r_{n}=\infty$
. $A^{-1}0\neq\phi$ , $\{x_{n}\}$ $A^{-1}0$ $u$ .
$Px=u$ , $P$ $C$ $A^{-1}0$ sunny nonexpansive retraction .




xn+l=\mbox{\boldmath $\alpha$}nxn+(l-\mbox{\boldmath $\alpha$}n)J xn $(n=1,2, \ldots)$
. $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim\sup\alpha_{n}<1$ , $\lim_{narrow}\inf_{\infty}r_{n}>0$
$narrow\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}$
. , $A^{-1}0\neq\phi$ , $\{x_{n}\}$ $A^{-1}0$ $z$
.
43 , m- .
44 $E$ Fk\’echet Banach , $A\subset E\cross E$
$m$- . , $x_{1}=x\in C$
$x_{n+1}=\alpha_{n}x_{n}+(1-\alpha_{n})J_{r_{n}}x_{n}$ $(n=1,2, \ldots)$
. $\{\alpha_{n}\}\subset[0,1]$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{narrow}\sup_{\infty}\alpha_{n}<1$
, $\lim_{narrow}\inf_{\infty}r_{n}>0$
. , $A^{-1}0\neq\phi$ , $\{x_{n}\}$ $A^{-1}0$ $z$
43
5 Banach
$E$ Banach , $E^{*}$ dual . $A\subset E\cross E^{*}$
. , 22 $x\in E$ $r>0$
$J(x_{r}-x)+rAx_{r}\ni 0$ (4)
$\nearrow^{\prime\grave{\rfloor}}$
$x_{r}\in D(A)$ . , $E$ , (4) .
, $x\in E$ $r>0$ , $A$ $\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{o}1\mathrm{v}\mathrm{e}\mathrm{n}\mathrm{t}J_{r}$ $A_{r}$
$x_{r}=J_{r}x$ , $A_{r}x= \frac{1}{r}J(x-x_{r})$
. Solodov-S jter[34] , - [27]
.
5.1([27]) $E$ G\^ateaux Banach , $A\subset$
$E\cross E^{*}$ $A^{-1}0\neq\phi$ . , $E$ $\{x_{n}\}$
$x_{1}=x\in E$,
yn=Jr xn’
$C_{n}=\{z\in E:(y_{n}-z, J(x_{n}-y_{n}))\geqq 0\}$ ,
$D_{n}=\{z\in E:(x_{n}-z, J(x_{1}-x_{n}))\geqq 0\}$ ,
$x_{n+1}=P_{C_{n}\cap D_{n}}(x_{1})$ $(n=1,2, \ldots)$
. , $\lim_{narrow}\inf_{\infty}r_{n}>0$ , $\{x_{n}\}$ $A^{-1}0$ $P_{A^{-1}0}(x_{1})$ .
, Banach $f$ minimizer
.
5.2 $E$ G\^ateaux Banach , $f$ : $Earrow(-\infty, \infty]$
$\text{ }(\partial f)^{-1}0\neq\phi$ proper . , $E$ $\{x_{n}\}$ $\text{ }$
.
$x_{1}=x\in E$ ,
$y_{n}= \mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{i}\mathrm{n}\{f(z)+\frac{1}{2r_{n}}||z-x_{n}||^{2}$ : $z\in E\}$ ,
$C_{n}=\{z\in E:(y_{n}-z, J(x_{n}-y_{n}))\geqq 0\}$ ,
$D_{n}=\{z\in E:(x_{n}-z, J(x_{1}-x_{n}))\geqq 0\}$ ,
$x_{n+1}=P_{C_{n}\cap D_{n}}(x_{1})$ $(n=1,2, \ldots)$ .
, $\lim_{narrow}\inf_{\infty}r_{n}>0$ , $\{x_{n}\}$ $x_{1}$ $(\partial f)^{-1}0$ .
, - [17] , Hilbert Solodov-Svaiter[34]
Banach .
44
53([17]) $E$ $E$‘ Banach , $ACE\cross E^{8}$ $A^{-1}0\neq\phi$
. , $E$ {x .
$x_{1}=x\in E$ ,
$0=v_{n}+ \frac{1}{r_{n}}(Jy_{n}-Jx_{n}),$ $v_{n}\in Ay_{n}$ ,
$C_{n}=\{.z\in E : (y_{n}-z, v_{n})\geqq 0\}$ ,
$D_{n}=\{z\in E : (x_{n}-z, Jx_{0}-Jx_{n})\geqq 0\}$ ,
$x_{n+1}=P_{C_{n}\cap D_{n}}(x_{1})$ $(n=1,2, \ldots)$ .
, $\lim_{narrow}\inf_{\infty}r_{n}>0$ , $\{x_{n}\}$ $A^{-1}0$ .
, Banach $f$ minimizer
.
54 $E$ $E^{*}$ Banach , $f$ : $Earrow(-\infty, \infty]$ $(\partial f)^{-1}0\neq\phi$
proper . , $E$ $\{x_{n}\}$ .
$x_{1}=x\in E$ ,
$y_{n}=\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{i}\mathrm{n}$ $\{f(z)+\frac{1}{2r_{n}}||z||^{2}-\frac{1}{r_{n}}(z, Jx_{n})$ : $z\in E\}$ ,
$C_{n}=\{z\in E : (y_{\acute{n}}-z, Jx_{n}-Jy_{n})\geqq 0\}$ ,
$D_{n}=\{z\in E : (x_{n}-z, Jx_{0}\overline{\iota}Jx_{n})\geqq 0\}$,
$x_{n+1}=P_{C_{n}\cap D_{n}}(x_{1})$ $(n=1,2, \ldots)$ .
, $\lim_{narrow}\inf_{\infty}r_{n}>0$ , $\{x_{n}\}$ $(\partial f)^{-1}0$ .
52 5.4
$y_{n}=\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{i}\mathrm{n}$ $\{f(z)+\frac{1}{2r_{n}}||z-x_{n}||^{2}$ : $z\in E\}$ ,








1 $E$ $E^{1}$ Banach , $AcE\cross E^{1}$ $A^{-1}0\neq\phi$
. , $E$ {x
$x_{1}=x\in E$ ,
xn+l=\mbox{\boldmath $\alpha$}nx+(l-\mbox{\boldmath $\alpha$}\tilde J xn $(n=1,2, \ldots)$




. , $\{x_{n}\}$ $P_{A^{-l}0}(x_{1})$ .
2 $E$ $E^{*}$ Banach , $A\subset E\cross E^{*}$ $A^{-1}0\neq\phi$
. , $E$ $\{x_{n}\}$
$x_{1}=x\in E$,
xn+l=\mbox{\boldmath $\alpha$}nxn+(l-\mbox{\boldmath $\alpha$}\tilde J xn $(n=1,2, \ldots)$
. , $\{\alpha_{n}\}\subset[0,1],$ $\{r_{n}\}$ $\subset(0, \infty)$
$\lim_{narrow}\sup_{\infty}\alpha_{n}<1,$ $\lim_{n=}\inf_{1}r_{n}>0$
. , $\{x_{n}\}$ $A^{-1}0$ .
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